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Traumatic brain injuryAbstract Objective: To determine whether commissural and projection ﬁbers fractional anisot-
ropy (FA) abnormalities can help in the prediction of long-term outcome of motor power affection
after moderately severe traumatic brain injury (TBI).
Methods: MRI protocol included diffusion tensor imaging (DTI) and was performed for 32
patients with moderate TBI and 32 matched control subjects. Regions of interests were applied
in the FA maps in the corpus callosum, internal capsules posterior limb, and cerebral peduncles.
Results were compared in patients with motor power affection and patients without motor power
affection to the control group.
Results: All patients had FA values lower than the control group with signiﬁcance differences in
the corpus callosum. Patient group with weakness had FA values lower than the control groupsra, DK
880 M.F. Bazeed et al.with signiﬁcance differences in the posterior limb of the left internal capsules (p= 0.001) and left
cerebral peduncles (p< 0.001). Signiﬁcant differences were found when comparing the posterior
limb of the left internal capsule (p= 0.002) and left cerebral peduncle (p= 0.022) to the right side
in the weakness group.
Conclusion: FA values measured in the acute stage provided information about associated and
projectional ﬁbers disruptions, which have a prognostic value about motor power affection.
 2013 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Radiology and Nuclear
Medicine. Open access under CC BY-NC-ND license.Traumatic brain injury (TBI) is a major cause of mortality
and disability (1). The initial severity of the brain injury was
classiﬁed according to the Glasgow Coma Scale (GCS) on
the basis of clinical criteria: (i) severe injury, between 3 and
8; (ii) moderate injury, between 9 and 12; and (iii) mild injury,
between 13 and 15 (2).
The shearing forces exerted during TBI may not be sufﬁ-
cient to cause frank tissue laceration or hemorrhage but ani-
mal studies have shown ultrastructural axonal abnormalities
in most cases (3). Nowadays, modern imaging techniques
can detect anatomical and physiological abnormalities in the
brain tissues and has an increasingly important rule in the
management of TBI (4). Diffusion tensor imaging (DTI) is
an MR imaging technique that can reconstruct the white mat-
ter tracts and can asses structural connectivity in vivo (5–6), it
provides unique quantitative information regarding the struc-
tural features of the central nervous system and allows the
calculation of many parameters including mean diffusivity
(MD), which represents the overall restrictions to water diffu-
sion, and fractional anisotropy (FA), which represents a ratio
of 0–1 that reﬂects the degree of alignment of the underlying
ﬁbers in the voxel (5). The FA has been used as an advanced
approach for assessing the white matter structural integrity
(2–3). The ability of DTI to identify speciﬁc pathologic
changes that predict speciﬁc functional impairment remains
less clear.
Aim of this work was to determine whether commissural
and projectional ﬁbers FA abnormalities can help in the pre-
diction of long-term outcome of motor power affection after
moderately severe TBI.
1. Materials and methods
1.1. Study population
Study was approved by the hospital ethics committee and a
written informed consent was obtained from all patients and
volunteers or from the patient’s ﬁrst degree relatives. During
the period between January 2010 and December 2012, we pro-
spectively evaluated 32 patients with a history of moderately
severe TBI (included 29 male and 3 female with mean age
35 ± 13 years; range from 15 to 50 years). Inclusion criteria in-
cluded: age from 20 to 50 years, witnessed closed-head trauma,
GCS 9–12, loss of consciousness <20 min, post-traumatic
amnesia <24 h. Exclusion criteria included: history of prior
head injury, history of neurological disease, and abnormal
conventional MR imaging ﬁndings.
The control group included 32 healthy subjects matched for
age and sex who had no history, clinical, or imaging evidence
of neurological disease. Control subjects underwent the same
MR imaging protocol as the patient group.1.2. MR imaging technique and interpretation
MR imaging was performed with a 1.5 – T scanner (Signa
Hdxt; GE Healthcare, Milwaukee, WI), with an 8-channel
phased array head coil (HiRes Brain Array; GE Healthcare,
Gainesville, Florida). The conventional MR imaging protocol
included: axial T2-weighted images (repetition time (TR),
4700 ms; echo time (TE), 102 ms; ﬁeld of view (FOV),
240 mm; matrix, 448 · 448; section thickness, 6.5 mm); axial
ﬂuid-attenuated inversion recovery (FLAIR) (TR, 9000 mm;
TE, 132 ms; inversion time, 2500 ms; FOV, 240 mm; matrix,
288 · 288; section thickness, 6.5 mm) and axial T1-weighted
images (TR, 400 ms; TE, 12 ms; FOV, 240 mm; matrix,
320 · 256; section thickness, 6.5 mm). DTI was performed in
the axial plane by using single-shot spine-echo, echo-planar
imaging (TR, 8000 mm; TE, 97 ms; FOV, 240 mm; matrix,
128 · 128; section thickness, 4 mm; number of sections, 30;
independent diffusion sensitizing directions, 30; using 2 b val-
ues; b= 1000 and 0 s/mm2).
The DTI raw data were corrected for head motion. FA
maps were constructed from DTI. Regions of interest were
placed in the genu, body, and splenium of the corpus callosum,
posterior limb of the internal capsules, and cerebral peduncles.
The regions of interests were drawn in each place manually in
the FA maps without including cerebrospinal ﬂuid (CSF).
1.3. Statistical analysis
Values of the FA in the different locations were compared in
patients with weakness and no-weakness groups to the control
group, also in the weakness group we compared left internal
capsule posterior limb and left cerebral peduncle to the right
side. Statistical analysis was performed using Minitab software
version 16 for windows. Descriptive statistics were calculated
and expressed as mean + standard deviation. Paired Stu-
dent-t test with conﬁdence interval of 95% was used when
applicable. P values less than 0.05 were accepted as statistically
signiﬁcant.2. Results
All MR imaging studies were done 3.6 ± 0.7 days from the
trauma (range from 3 to 5 days) and all studies were techni-
cally satisfactory.
In the clinical evaluation done 3 months after the trauma,
21 patients had no-weakness and form the ﬁrst group, 10 pa-
tients had right sided weakness and form the second group.
Only one patient had left sided weakness.
All patients had mean FA values lower in the corpus callo-
sum in comparison to the control group and the values were
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group in the body and splenium. Patients with weakness had
mean FA values measured at the internal capsules posterior
limb and cerebral peduncles lower than the no-weakness and
control groups and in the weakness group the values measured
in the left side were lower than the right side (Table 1).
Only one patient had left sided weakness (Fig. 1) and the
FA values were relatively lower in the posterior limb of the
right internal capsule in comparison to the left (right = 0.50
and left = 0.53) and also relatively lower in the right cerebral
peduncle in comparison to the left (right = 0.46 and
left = 0.49).
One patient of the no-weakness group had in the ﬁrst week
after trauma right sided weakness and the weakness disap-
peared in the 3 months of follow up (Fig. 2). FA values were
nearly equal in both posterior limb of the internal capsules
and cerebral peduncles.
In the evaluation of the corpus callosum, signiﬁcant differ-
ences were noted in comparison to the control group in both
no-weakness and weakness groups, the differences were maxi-
mum in both groups at the splenium and the differences were
more signiﬁcant in the weakness group (Table 2).
In patient group with head trauma and no-weakness, signif-
icant differences in the FA values were noted in the corpus
callosum in comparison to the control group, whereas FATable 1 Fractional anisotropy values of the different groups.
ROI location Control (n= 32)
Corpus callosum genu 0.72 ± 0.06
Corpus callosum body 0.65 ± 0.10
Corpus callosum splenium 0.77 ± 0.50
Right internal capsule 0.56 ± 0.01
Left internal capsule 0.56 ± 0.03
Right cerebral peduncle 0.50 ± 0.04
Left cerebral peduncle 0.50 ± 0.20
ROI = region of interest.
Fig. 1 Fractional anisotropy map of a patient with left sided weakn
lower in the right side in comparison to the left side and (B) at the leve
side in comparison to the left side.did not differ signiﬁcantly in the internal capsules posterior
limbs and cerebral peduncles in comparison to the control
group (Table 2).
In patient group with head trauma and weakness, sig-
niﬁcant differences in the FA values were noted in the
ROIs applied to the corpus callosum, posterior limb left
internal capsule, and left cerebral peduncle (Fig. 3). The
differences were maximum at the ROIs placed at the left
internal capsule posterior limb (p= 0.001), and left cere-
bral peduncle (p< 0.001) in comparison to the control
group (Table 2).
We compared the left internal capsule to the right in the
patient group of weakness and signiﬁcant difference
(p= 0.002) was noted and also we compared and right and left
cerebral peduncle in the same group and signiﬁcant difference
(p= 0.022) was noted.
3. Discussion
In this work we evaluated the FA values in the moderately se-
vere TBI. Signiﬁcant reduction was noted in the values mea-
sured in the corpus callosum of all the patients, more evident
in the splenium. Also signiﬁcant reduction in the FA values
was noted in the projectional ﬁbers in the patient group with
weakness only.No-weakness (n= 21) Weakness (n= 10)
0.64 ± 0.10 0.67 ± 0.06
0.59 ± 0.09 0.51 ± 0.15
0.73 ± 0.05 0.64 ± 0.10
0.55 ± 0.02 0.52 ± 0.03
0.58 ± 0.04 0.45 ± 0.05
0.52 ± 0.03 0.46 ± 0.03
0.49 ± 0.02 0.41 ± 0.06
ess: (A) at the level of internal capsule showing a value relatively
l of cerebral peduncles showing a value relatively lower in the right
Fig. 2 Fractional anisotropy map of a patient showed weakness in the ﬁrst week and the weakness disappeared in the 3 month
evaluation: (A) at the level of internal capsule showing nearly equal values measured at right and left sides and (B) at the level of cerebral
peduncles showing nearly equal values measured at right and left sides.
Table 2 Comparison of the p-values of the different groups.
ROI No-weakness
versus control
Weakness
versus control
Corpus callosum genu 0.049 0.043
Corpus callosum body 0.032 0.019
Corpus callosum splenium 0.021 0.002
Right internal capsule 0.130 0.057
Left internal capsule 0.050 0.001
Right cerebral peduncle 0.152 0.147
Left cerebral peduncle 0.052 <0.001
ROI = region of interest.
882 M.F. Bazeed et al.Hemispheric white matter tracts divided by course into
association, commissural, and projection ﬁbers. Association ﬁ-
bers (may be short or long), short (arcuate or ‘‘u’’ ﬁbers) link
adjacent gyri, and courses parallel to long axis of sulci and
long ﬁbers form fasciculi connecting widely spaced gyri. The
largest commissural ﬁber is the corpus callosum and links both
hemispheres. Corticospinal tract is the major efferent projec-
tion ﬁber that connects motor cortex to the brainstem, and
spinal cord. Fibers converge into the corona radiata, and con-
tinue through the posterior limb of internal capsule to reach
the cerebral peduncle and then to the spinal cord (7,8).
Fractional anisotropy measures the anisotropy of water dif-
fusion with minimum value of zero denoting isotropic diffu-
sion, i.e., the magnitude of diffusion is the same in all
directions, and the maximum value of one representing perfect
linear diffusion, i.e., diffusion occurs only along the perfect
direction and not along any other directions (9). Decreased
FA values reﬂect destruction of the tissue architecture resulting
from neuronal degeneration and/or gliosis, and enhancing ran-
dom mobility of free water molecules within the tissue (8,10).
Conventional imaging and pathologic-anatomic study have
indicated that the posterior corpus callosum is more suscepti-
ble to ﬁbers disruption than the anterior corpus callosum(11) and in the current work we found that patients with mod-
erately severe TBI showed FA abnormalities in all the patients
in the genu, body, and splenium of the corpus callosum and
this was indicting that microstructural changes had taken place
in the commissural white matter tracts, the changes were more
signiﬁcant in the splenium followed by the body. Similar ﬁnd-
ings were described by Wang et al. (1) and Wilde et al. (12),
while Rutgers et al. (8), found signiﬁcant FA abnormalities
in the genu and splenium in moderately severe TBI and they
found no changes in the body and this may be due non-severe
enough head trauma to cause lesions in the body.
Fractional anisotropy values measured in the posterior
limbs of the internal capsules and cerebral peduncles in the
current work were different in both groups. In the no-weak-
ness group the mean values were close to the control group
and no signiﬁcant differences noted and this suggested that
the tracts were grossly unremarkable. While, in the weakness
group FA values were reduced in the posterior limbs of the
internal capsules and cerebral peduncles with signiﬁcant differ-
ences in comparison to the control group and the differences
were more signiﬁcant than the no-weakness group.
In the right sided weakness group the mean FA values in
the left internal capsule and left cerebral peduncle were lower
than the control group and the no-weakness group with signif-
icant differences in comparison to the control group. Also, in
the weakness group we compared the FA values measured in
the left internal capsule and left cerebral peduncle which are
responsible for the weakness to the right side and we found sig-
niﬁcant differences.
From the above we found that the FA values detected
changes in the corpus callosum in all the patients and the
changes were more evident in the splenium. Also, detected
changes in the internal capsule and cerebral peduncle in the
group with weakness in the involved side and the changes were
signiﬁcant in comparison to the unaffected side of the body
and to the no-weakness group.
The main limitations of the current work are the limited
number of patients with weakness, and the absence of follow
Fig. 3 Fractional anisotropy map of a patient with right sided weakness: (A) at the level of internal capsule showing a value in the left
side lower than the right side and (B) at the level of cerebral peduncles showing a value in the left side lower than the right side.
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recommended for more evaluation.
4. Conclusion
FA values measured in the acute stage provided information
about associated and projectional ﬁber disruptions, which
have a prognostic value about motor power affection.
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